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METHOD FOR DETERMINATION OF 

PHYSICAL CHARACTERISTICS OF 
DOUGHS MADE FROM WHEAT FLOUR 

PART 3 WATER ABSORPTION AND RHEOLOGICAL 
PROPERTIES USING A VALORIGRAPH 

0, FOREWORD 



0.1 This Indian Standard ( Part 3 ) was adopted by the 
Bureau of Indian Standards on 28 October 1988, 
after the draft finalized by the Foodgrains and Food- 
grain Industry Sectional Committee had been 
approved by the Agricultural and Food Products 
Division Council. 

0.2 This standard is being published in the follow- 
ing four parts: 

Part 1 Water absorption and rheological proper- 
ties using a farinograph 

Part 2 Rheological properties using an extenso- 
graph 

Part 3 Water absorption and rheological proper- 
ties using a valorigraph 



Part 4 Rheological properties using an alveograph 

0.3 In the preparation of this standard, guidance 
has been taken from ISO/DIS 5530-3 'Wheat flour- 
Physical characteristics of doughs— Part 3: Determi- 
nation of water absorption and rheological properties 
using a valorigraph', issued by the International 
Organization for Standardization ( ISO ). 

0*4 In reporting the result of a test or analysis made 
in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it shall 
be done in accordance with IS : 2-1960*. 



♦Rules for rounding off numerical values {revised). 



1. SCOPE 

1.1 This standard (Part 3 ) specifies a method, using 
a valorigraph for determination of water absorption 
of flours and the mixing behaviour of doughs made 
from them, 

1.2 This method is applicable to flour or meal from 
wheat ( Tritkum aestivum Linnaeus ). 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following 
definitions shall apply. 

2.1 Consistency — The resistance, expressed in arbi- 
trary units (valorigraph units, VU) of a dough to 
being mixed in the valorigraph, at a specified, cons- 
tant speed. 

2.2 Water Absolution ( of flour ) — The volume of 
water, expressed in millilitres per 100 g of flour at 14 
percent ( m/w ) moisture content, required to pro- 
duce a dough with a maximum consistency of 500 
VU, under the operating conditions specified in this 
standard. 

3. PRINCIPLE 

3.1 Measurement and recording, by means of a 
valorigraph, of the consistency of a dough as it is 
formed from flour and water, as it is developed, and 
as it is broken down. 



Note — The maximum consistency of dough is 
adjusted to a fixed value by adapting the quality of water 
added. The correct water addittion, which is called the 
water absorption, is used to obtain a complete mixing 
curve, the various features of which are a guide to the 
strength of the flour. 

4. REAGENT 

4.1 Distilled Water — shall be used where the use of 
water as a reagent is intended ( see IS : 1070-1977* ). 

5. APPARATUS 

5.1 Valorigraph — See Appendix A. 
5.1.1 Operating Characteristics 

a) Slow blade rotational frequency: 64 ± 2 
min~^. 

The ratio of rotational frequencies of the 
mixing blades shall be I'SO ± O'Ol. 

b) Deflection of the recorder pen when the 
lever arm is loaded, at the appropriate posi- 
tion ( 15 mm from the pivot ), with the 
calibrating weight (900 g, accessory of the 
instrument), with the mixing blades rotating 
in the empty bowl; 500 ± 10 VU. 

c) Chart speed: r00_± 0'03 cm/min. 



♦Specification for water for general laboratory 
( second revision ). 
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5.1.2 Burette 

a) Burette calibrated from 25 to 35 ml, accurate 
to nearest 0*1 ml, and 

b) Burette calibrated from 32 to 42 ml, accurate 
to nearest 0*1 ml. 

The time to flow from to 35 or 42 ml, 
respectively shall be not more than 20 s. 

5.2 Balance — accurate to 0*1 g. 

5.3 Soft Plastic Spatula 

6. SAMPLING 

6.1 Sampling shall be carried out by the method 
specified in IS : 5315-1978*. 

7. PROCEDURE 

7.1 Moisture Content of Flour — Determine the 
moisture content of the flour by the method 
specified in IS : 4333 (Part 2)-1967t. 

7.2 Preparation of Sample and Apparatus 

7.2.1 If neciessary, bring the flour to a temperature 
of 25 ± 5°C, Fill the flask of valorigraph with water 
(4.1). Switch on preheating and thermostatically 
controlled heating. When the air temperature has 
reached 28**C, switch oflf the preheating. Start a flow 
of tap water through the cooling tubes of Ihe 
valorigraph. Before and during use, check the 
temperatures of the air in the central part of the 
cabinet. The air temperature shall be between 28 and 
30*C, with the mixer mounted, for at least 10 min 
before the first test portion is placed into the 
mixer. During use, the air temperature shall be 
30 ± 0'2**C. 

7.2.2 Adjust the arm of the recorder pen so as 
to obtain zero deflection with the mixing blades 
rotating in the empty, clean bowL Adjust the 
damper so that with the motor running, the time 
required for the pointer to go from 1 000 to 100 VU 
is rO± 02 s. 

7.2.3 Fill the burette with water. Fill the tip of 
the burette by letting about 1 ml of water flow into 
a vessel; fill the burette again, 

7.3 Test Portion 

7.3.1 Weigh, to the nearest 0*1 g, the equivalent 
of 5 g of flour having a moisture content of 
14 percent. Let this mass, in grams, be m {see 
Table 1 for w as a function of moisture content ). 

7.3.2 Switch off the heating. Place the flour into 
the mixer. Cover the mixer and keep it covered 
until the end of mixing ( 7.4.1 ), except for the 
shortest possible time when water has to be added, 
and the dough scraped down ( see A-2,2 ). Switch on 
the thermostatically controlled heating. 



♦Methods of sampling for milled cereals and 
products ( first revision ). 
fMethods of analysis for foodgrains : Part 2 Moisture. 



pulses 



7.4 Determination 

7.4.1 Mix for 1 min or shghtly longer. Start 
adding water from the burette into the mixer when 
a whole-minute ordinate line on the recorder passes 
by the pen. 

Note — In order to reduce waiting time, the recorder 
paper may be moved forward during the mixing of the 
flour. Do not move it backward. 

7.4.1.1 Add a volume of water close to that 
expected to produce a maximum consistency (8.1) 
of 500 VU. When the dough forms, scrape down 
the sides of the bowl with the spatula ( 5.3 ), adding 
any adhering particles to the dough, without stop- 
ping the mixer. If the consistency is too high, add 
a little more water to obtain a maximum con- 
sistency (8.1) of approximately 500 VU. Stop 
mixing and clean the mixer. 

7.4.2 After cleaning, place the parts of the mixer 
for at least 2 min in the water bath ( 5.4 ) at a 
temperature of 31 ±rC. Dry and mount them 
rapidly. Wait for at least 5 min with temperature 
control operating before the next mixing. 

7.4.3 Make further mixings as necessary, until 
two mixings are available: 

a) in which the water addition has been com- 
pleted within 25 s, 

b) the maximum consistencies (8.1) of which 
are between 480 and 520 VU, and 

c) the recording of which has been continued 
for at least 12 min after the end of the deve- 
lopment time ( 8.2 ) if the degree of softening 
is to be reported. 

Stop mixing and clean the mixer. Between 
successive mixings, repeat 7.4.2. 

8. EXPRESSION OF RESULTS 

8,1 Water Absorption — From each of the mixings 
with maximum consistencies between 480 and 
520 VU, derive the corrected volume Kc, in milli- 
litres, of water corresponding to a maximum con- 
sistency of 500 VU, by means of the following 
formulae: 

Fc=K+0-016(C--500) 

where 

V = voliune, in millilitres, of water added; and 

C = maximum consistency, in valorigraph units; 
the maximum consistency is the mean value 
of the maximum height of the top of the 
curve and that of the bottom of the curve. 

NoTK — In the relatively infrequent case where two 
maxima are observed, use the height of the higher 
maximuni. 

8.1.1 Use for the calculation the mean value of 
duplicate determinations of Vq, provided that the 
difference between them does not exceed 0'5 ml of 

water. 
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TART.K 1 


MASS OF FXOUR, IN GRAMS, EQUIVALENT TO 50 AT A MOISTURE 
CONTENT OF 14 PERCENT (m/m) 




(Clauses 13AandBA2) 






Moisture Content 
Percent ( m/m ) 


Mass of Flour 
50 g 


Moisture Con ient 


Mass of Flour 
50g 


(1) 


(2) 




(1) 


(2) 


9*0 


47*3 




13-6 


49-8 


91 


47 3 




13*7 


49-8 


9-2 
9*3 


47-4 
47*4 




13*8 
13*9 


49*9 
49*9 


94 


47*5 




14*0 


50*0 


9-5 


47-5 




141 


501 


9*6 


47*6 




14*2 


501 


9-7 


47*6 




14*3 


50*2 


9-8 


47*7 




14*4 


50-2 


9-9 


47*7 




14-5 


50*3 


10*0 


47*8 




14*6 


50*4 


101 


47-8 




14*7 


50*4 


10-2 


47-9 




14-8 


50*5 


10*3 


47-9 




14-9 


50*5 


10*4 


48*0 




15*0 


50*6 


10-5 


48*0 




151 


50*6 


10-6 


481 




15-2 


50*7 


10-7 


48*2 




15*3 


50*8 


10*8 


48*2 




15-4 


50-8 


10*9 


48*3 




15*5 


50*9 


110 


48*3 




15-6 


50*9 


11*1 


48*4 




15*7 


51*0 


11*2 


48*4 




15-8 


51*1 


11*3 


48*5 




15*9 


51*1 


11-4 


48*5 




160 


51*2 


11-5 


48*6 




161 


51-3 


11*6 


48*6 




16*2 


51-3 


11*7 


48-7 




16*3 


51*4 


11-8 


48*8 




16*4 


51*4 


11*9 


48*8 




16-5 


51*5 


120 


48*9 




16-6 


51*6 


12-1 


48*9 




16-7 


51*6 


12-2 


490 




16*8 


51*7 


12-3 


490 




16*9 


51*7 


12-4 


491 




17*0 


51-8 


12-5 


491 




171 


51-9 


12-6 


49*2 




17*2 


51*9 


12-7 


49-3 




17-3 


520 


12-8 


49-3 




17*4 


52*1 


12-9 


494 




17-5 


52*1 


130 


49-4 




17*6 


52*2 


13-1 


49*5 




17-7 


52*2 


13*2 


49-5 




17-8 


52-3 


13-3 


49-6 




17-9 


52-4 


13-4 


49-7 




180 


52*4 


13-5 


49*7 









Note — The values in this table were calculated using the formula: 

4 300 
'"^^ 100-7/ 

where H is the moisture content of the sample, as a percentage byjmass. 
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8.1.2 The valorigraph water absorption, expressed 
in millilitres per 100 g of flour at 14 percent ( mim ) 

moisture content, is equal to 
(Kc+W"50)x2 
where 

% = mean value of duplicate determinations of 
the corrected volume, in millilitres, of water 
corresponding to a maximum consistency 
of 500 VU; and 

m ^ mass, in grams, listed in Table 1. 

Report the result to the nearest 0*1 ml per 100 g. 

8.2 Doagh Developmeiit Time 

8.2.1 The dough development time is the time 
from the beginning of addition of water to the point 
on the curve immediately before the first signs of 
decrease of consistency (see Fig. 1 ). 

Note —- In the relatively infrequent case where two 
maxima are observed, use the second maximum to 
measure development time. 

8.2.2 Take the mean dough development time 
from the two curves to the nearest 0'5 min as the 
result, provided that the difference between them 
does not exceed 1 min for development times of up 
to 4 min, or 25 percent of their mean value for 
longer development times. 

8.3 Degree of Softening 

8.3.1 Degree of softening is the diflference in 
height between the centre of the curve at the end 

TORQUE OR CONSISTENCY, VU 



, of the dough development time and the centre of the 
curve 12 min after this point ( see Fig. 1 ). 

8.3.2 Take the mean degree of softening from 
the two curves to the nearest 5 VU as the result, 
provided that the difference between them does not 
exceed 20 VU for degrees of softening up to 80 VU, 
or 25 percent of their mean value for larger values. 

8.4 Repetition — If one or more of the differences 
between measurements on two curves exceed the 
values specified in 8.1 to 8.3 inclusive, make another 
two mixings that meet the requirements of 7.4.3. 

9. Precision 

9.1 The difference between the values of two deter- 
minations on identical test material by one analyst 
using the same apparatus within a short time interval 
shall not exceed the repeatabihty in Table 2. 

9.2 The difference between results found by two 
operators working in different laboratories on identi- 
cal test material shall not exceed the reproducibility 
in Table 2. 

10. TEST REPORT 

10.1 The test report shall show the method used and 
the results obtained. The report shall also mention 
any operating details not specified in this standard, 
or regarded as optional, together with any circumst- 
ances that may have influenced the results. 

The report shall include all details required for 
complete identification of the sample. 



DEGREE OF SOFTENING 



500- 




15 

TIME , MINUTES 

Fig. 1 Representative Valorigram Showing the Commonly Measured Indices 

TABLE 2 PRECISION OF VALORIGRAPH MEASUREMENTS 



Water absorption 
Dough development time 
Degree of softening 



(Clauses 9.1 and 92 ) 

Repeatability 

0*7 ml per 100 g of flour 

10 min 

Up to 80 VU : 20 VU 
Above 80 VU : 25percent of mean value 



Reproducibility 
5 ml per lOOg of flour 
Results inconclusive 
60 percent of mean value 
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APPENDIX A 

(Clause 5 A ) 
DESCRIPTION OF THE VALORIGRAPH 



A-1. GENERAL DESCRIPTION 

A-1-1 The vaiorigraph unit itself consists of a mixer, 
a means for recording dough consistency in the fonn 
of valorigram.s and a burette ( A-2 ). Its components 
are illustrated diagrammatically in Fig, 2. 

A-1.2 The vaiorigraph unit is placed in a metal 
cabinet. The centre part of the cabinet contains the 
mixer, the burette, and a flask with the stock of 
water ( 4.1 ). They are accessible by a plexiglass 
door in front of the cabinet. The temperature of 



air in central part of the cabinet is thermostatically 
controlled (A"3). 

A-2. VALORIGRAPH UNIT 

A-2.1 The vaiorigraph unit consists of: 

a) a mixer, the parts of which can be detached 
(A-2.2V 

b) an electrical motor, with reduction gear, 
driving the mixer: 

c) a lever system, acting as dynamometer to 
measure the torque on the mixer ( A-2.3); 




1. Mixer 

2. Mixing Blade 

3. Pivot 

4. Bronze Band Between Arm of Mixer and Lever System of Recorder 

5. Lever System of Recorder 

6. ARM of Recorder Pen 

7. Dash-Pot Damper 

Fig. 2 Diagram of Valorigraph Unit 
5 
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d) a dash-pot to damp the movements of the 
dynamometer (A-2.3 ); 

e) a recorder, the pen of which is actuated by 
the movements of the dynamometer 
(A-2.4);and 

f) a burette to measure the volume of water 
added to the flour. 

A-2.2 The mixer is two-bladed and is designed to 
mix doughs from 50 g of flour. It is made of four 
parts; 

a) the back plate, through which shafts project 
to attach the mixing blades; 

b) two mixing blades; and 

c) the remainder of the mixer, that is, two sides, 
front and bottom in one piece. 



A-2.2.1 Parts (a) and (c) are 
means of two bolts and wing nuts, 
inclusive can be removed from 
cleaning. 



held together by 
Parts (b) and (c) 
the cabinet for 



A-2.2.2 The slower mixing blade is driven directly 
by the shaft from the gear; it rotates at a frequency 
of 64 min"'. The faster mixing blade is geared by 
cog-wheels to rotate at a frequency which is 1*5 
times that of the slower blade. 

A-2.2.3 The mixer can be closed by a flat plastic 
plate, which is laid on top of the mixer. It is 
removed to add water and to scrape down the 
dough. 

A-2.3 The mixer can pivot on the shaft from the 
reduction gear. The resistance of dough to being 
mixed causes a torque on the mixer which, if not 
balanced, would cause the rotation of the mixer. 

A-2.3.1 The mixer carries on its left-hand side an 
arm, the end of which is connected by the lever 
system to the recorder pen. This causes a counter- 
torque on the mixer which is proportional to the 
deflections of the recorder pen. 



A-2,3.2 As a result, the deflection of the recorder 
pen is, if the two torques balance one another, pro- 
portional to the torque on the mixer, that is, to the 
resistance of the dough to being mixed. 

A-2.3.3 The movements of the mixer, lever system, 
and recorder pen are damped by a piston immersed 
in silicone oil; the piston is connected to the end of 
the arm on the right-hand side of the mixer. The 
extent of damping can be adjusted; more damping 
results in a narrower curve. 

A-2.4 The paper for the recorder is supplied in the 
form of a roll. It is moved by an electric clock- 
type motor at a rate of TOO cm/min. Along its 
length, it bears a printed scale in minutes. Across 
its width, it bears a circular scale ( radius 200 mm ) 
with arbitrary units, running from to 1 000 
valorigraph units. 

A-2.5 The burette is operated by push-buttons, one 
for filling it, and another for delivering water to the 
mixer. The choice between two burettes is made 
on the basis of expected water absorption. 

A-3. TEMPERATURE CONTROL 

A-3.1 For temperature control, the air in the central 
part of the cabinet circulates through air ducts 
containing: 

a) an electric preheating element with high 
power, controlled by a push-button; 

b) an electric heating element with low power, 
controlled by the themioregulator (c); 

c) a thermoregulator in the central part of the 
cabinet, set at 30**C which controls the 
heating element (b); 

d) a fan, driven by an electric motor; and 

e) a metal tubing to cool the instrument by a 
flow of tap water. 

The temperature of oil in the dash-pot damper 
is maintained at 40''C by an electric heating element 
and a thermoregulator that controls this heating 
element. 
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